Tracheostomy is a common procedure performed in critically ill patients requiring prolonged mechanical ventilation for acute respiratory failure and for airway issues. 
Introduction
Acute respiratory failure requiring mechanical ventilation is common in critical illness, and progressive advancements in the understanding of and technologies for the care of the critically ill have resulted in an increase in the number of patients who remain dependent on mechanical ventilation for prolonged periods of time. Prolonged translaryngeal endotracheal intubation increases the risk of ventilator-associated pneumonia (VAP) by bypassing and disabling the laryngeal mechanisms, promoting oropharyngeal contamination of the bronchial tree and lung. 1 In addition, prolonged translaryngeal endotracheal intubation is associated with the development of sinusitis 2 and may cause severe laryngeal and tracheal damage. 3 Placement of a tracheostomy has become a viable alternative to prolonged endotracheal intubation, with the benefits of improving patient comfort, reducing need for sedation, lowering airway resistance, and allowing for easier airway care. [4] [5] [6] Complications related to tracheostomies include pneumothorax, bleeding, subglottic stenosis, tracheoesophageal fistula, vocal cord dysfunction, stomal granulation, persistent tracheal fistula, and scarring. 7 The indications, technique, timing, and selection of critically ill patients for tracheostomy have been topics of considerable debate. In this review, we address general issues regarding tracheostomy and specifically review the literature on the subjects of appropriate timing of tracheostomy tube placement and specific techniques of tracheostomy tube placement.
Overview of Tracheostomy

Terminology and Definitions
The following terms and definitions are used. We will use the term tracheostomy, referring to a tracheal opening with attachment to the skin, in this review. A tracheotomy refers to any procedure that involves opening the trachea (temporary opening). A tracheostomy is a procedure that exteriorizes the trachea to the skin of the neck, producing a more permanent fistula/opening. A tracheostoma is a permanent opening into the trachea through the neck; it also refers to the opening after permanent laryngectomy.
History of Tracheostomy
The first known depiction of tracheostomy is from 3600 BC, on Egyptian tablets. 8 According to legend, Alexander the Great used his sword to open the airway of a soldier choking from a bone lodged in his throat. The writings of Aretaeus (2nd century AD) and Galen (2nd to 3rd century AD) document tracheostomy performed by the Greek physician Asklepiades about 100 BC. 9 Additional contributions of medieval Islamic physicians to the history of tracheostomy have been detailed recently. 10 The first scientific reliable description of successful tracheostomy by the surgeon who performed it was by Antonio Musa Brasavola in 1546, for relief of airway obstruction from enlarged tonsils. 11 From 1546 to 1833, only 28 successful tracheostomies were recorded, and almost all were for relief of upper airway obstruction. In the early 20th century, tracheostomy was made much safer, and the technical aspects of the procedure were refined and described in detail by the famous surgeon Chevalier Jackson. 12 Tracheostomy was subsequently used extensively during the polio epidemic. 13 At present, tracheostomy is more commonly used for prolonged mechanical ventilation rather than for upper airway obstruction.
Epidemiology
Each year, ϳ800,000 United States residents undergo mechanical ventilation for acute respiratory insufficiency, often for a period of days or weeks. 14 Some studies have documented a significant increase in the number of patients requiring mechanical ventilation. 15, 16 North Carolina documented a statewide 11% increase in adult mechanical ventilation, from 284/100,000 in 1996 to 314/100,000 in 2002, with the greatest increase in the younger age groups (19% increase for 18 -64-y-old adults). 17 Up to 34% of patients who need mechanical ventilation for Ͼ 48 h receive a tracheostomy for prolonged mechanical ventilation. 18 In the United States, 64,000 tracheostomy tubes were placed in 1996. 19 The average number of tracheostomies performed annually in the United States now is Ͼ 100,000. 20 In the state of North Carolina between 1993 and 2002, the incidence of tracheostomy for prolonged mechanical ventilation increased in all age groups from 8.3 to 24.2/100,000, most significantly among patients Ͻ 55 y old. This was associated with a significant decrease in mortality (39% vs 25%), median ventilator days (12 vs 10) , and median stay (47 vs 33 d) . By 2002, patients were almost 3 times less likely to be discharged to home independently and twice as likely to be sent to a skilled nursing facility. 21 
Indications for Tracheostomy
General indications for the placement of tracheostomy include acute respiratory failure with the expected need for prolonged mechanical ventilation, failure to wean from mechanical ventilation, upper airway obstruction, difficult airway, and copious secretions (Table 1) . 22, 23 The most common indications for tracheostomy are (1) acute respiratory failure and need for prolonged mechanical ventilation (representing two thirds of all cases) and (2) traumatic or catastrophic neurologic insult requiring airway, or mechanical ventilation or both. Upper airway obstruction is a less common indication for tracheostomy.
The most common reason for tracheostomy in the ICU is to provide access for prolonged mechanical ventilation. Observational studies document that ϳ10% of mechanically ventilated patients undergo tracheostomy, but there is significant variability with regard to optimal timing and optimal patient selection. 24, 25 There is also significant unexplained variation in the rates of tracheostomy in trauma patients with acute respiratory failure. In a study of 17,523 subjects from the National Trauma Data Bank, for 24% of subjects (n ϭ 4,146) who underwent tracheostomy, the mean tracheostomy rate across centers was 19.6 per 100 hospital admissions, but ranged from 0 to 59. Subject characteristics accounted for only 14% of the variance across centers. This study emphasized the need for well-conducted randomized trials to determine optimal indications for tracheostomy in adult trauma patients. 26 
Complications of Tracheostomy
Tracheostomy complications can be considered in 3 time frames: immediate, early, and late (Table 2) . 27, 28 In the most recent prospective randomized tracheostomy trials, adverse events associated with tracheostomy were common, especially bleeding, but were not life-threatening. All clinicians who are credentialed to perform tracheostomy should be familiar with the proper methods of managing complications associated with tracheostomy. 
Outcomes of Tracheostomy
Since the main indication for tracheostomy is in patients with acute respiratory failure requiring mechanical ventilation, it is no surprise that the mortality rates in tracheostomy patients are high. A recent review of the University Health System Consortium database analyzed 44,124 acute respiratory failure subjects, 4,776 (10.8%) of whom underwent tracheostomy (Table 3) . Tracheostomy subjects had higher rates of morbidity but lower rates of mortality (20.6%) than non-tracheostomy subjects. Tracheostomy subjects were more resource-intensive to manage as evidenced by longer ICU and hospital stay, higher total hospital costs, and greater likelihood of being discharged to an in-patient facility (long-term care facility, skilled nursing facility, rehabilitation facility). 29 A single-center study of hospital and long-term outcomes after tracheostomy for respiratory failure (n ϭ 429) reported a hospital mortality rate of 19%, with only 57% of survivors liberated from mechanical ventilation. At 100 d, 6 months, 1 y, and 2 y after discharge, 24%, 30%, 36%, and 42% of hospital survivors had died, respectively. 30 A review of mortality rates in tracheostomy subjects from recent clinical trials (Table 4) documents the high mortality rate in this patient population, with most studies reporting 1-y mortality rates of ϳ50%.
Timing of Tracheostomy
Despite advantages of tracheostomy in the setting of prolonged mechanical ventilation, optimal timing for tracheostomy has remained controversial. 37, 38 A number of observational studies have documented considerable variability in tracheostomy timing. A consensus conference on artificial airways in patients receiving mechanical ventilation made the following recommendation: "The appropriate duration of translaryngeal intubation cannot be defined at present. Clinical consideration or complications may dictate changing the artificial airway to another route. However, no data exist that give adequate direction as to when it is routinely advisable to change from a translaryngeal intubation to a tracheostomy." 39 A recent comprehensive review of the Project IMPACT database (109 ICUs) documented that tracheostomy placement occurred at a median of 9 d (interquartile range [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] after ICU admission. In a secondary analysis comparing surgical ICU subjects (n ϭ 539) at Barnes-Jewish Hospital with subjects from 18 surgical ICUs in the Project IMPACT database, it was found that tracheostomy placement occurred more commonly in the Barnes-Jewish group (54.2% vs 13.9%, P Ͻ .001). Furthermore, at each time point, the proportion of subjects ventilated via tracheos- (Fig. 1) . 40 The question of early versus late tracheostomy is complex and requires a 2-part solution: (1) we must predict which patients will require prolonged ventilation, and (2) we must make a decision about when the tracheostomy should be performed. If prediction of prolonged ventilation is imperfect, then a strategy of early tracheostomy will lead to some patients undergoing tracheostomy unnecessarily, whereas a strategy of late tracheostomy will result in other patients facing unnecessarily prolonged exposure to translaryngeal endotracheal tube requirement and potentially prolonged weaning from mechanical ventilation.
The definition of early tracheostomy differs between studies. Of the papers surveyed from the past 10 y, early was generally defined as within 3-10 d of mechanical ventilation, whereas late was variously defined as any time outside the early period, within 7-14 d, 14 -28 d, or Ͼ 28 d after initiation of mechanical ventilation.
Observational Studies
A number of small cohort observational studies examined the issues of optimal tracheostomy timing. A retrospective study of 531 mechanically ventilated subjects in a mixed medical/surgical ICU determined that earlier timing of tracheostomy correlated with shorter time on mechanical ventilation and shorter ICU and hospital stay, but was not associated with hospital mortality. 41 A single-institution study compared early (within 5 d of intubation, n ϭ 110) versus late (after 5 d of intubation, n ϭ 418) tracheostomy outcomes and found that earlier tracheostomy was associated with a shorter duration of mechanical ventilation and shorter ICU stay, with no differences in hospital or ICU mortality. 42 A retrospective single-institution study compared early (Յ 7 d, n ϭ 81) versus late (Ͼ 7 d, n ϭ 104) tracheostomy outcomes in a surgical ICU and found that early tracheostomy was associated with decreased VAP, ventilator days, and hospital and ICU stay, but no differences in the rates of ARDS or lung injury. 43 Additional small cohort studies documented variable outcome differences based on tracheostomy timing. [44] [45] [46] The differences in study population and timing make it difficult to draw definitive conclusions for the benefit of early tracheostomy and also what defines early versus late tracheostomy. However, all of these studies demonstrated either benefit or null effect for early tracheostomy, and none demonstrated detrimental effects. 50 There were major differences in the specific tracheostomy timing (early vs late) and the patient populations (medical critically ill, surgical critically ill, burn injury, head injury subjects) in these 4 studies, and no standard ventilator weaning protocol was used, making ventilator duration and ICU stay outcomes vulnerable to clinical practices in these ICUs.
Large Retrospective Cohort Study
In 2008, a large (n ϭ 10,927) retrospective analysis from Ontario compared mechanically ventilated subjects who underwent early (prior to 10 d, n ϭ 3,758, one third of study cohort) versus late (Ͼ 10 d, n ϭ 7,169, two thirds of study cohort) tracheostomy. Early tracheostomy had lower unadjusted 90- 35 These subjects were monitored for 48 h, and those with worsening respiratory failure, unchanged or worse Sequential Organ Failure Assessment score, and no pneumonia were then randomized to early (after 6 -8 d of laryngeal intubation, n ϭ 209) or late (after 13-15 d of laryngeal intubation, n ϭ 210) tracheostomy.
The primary outcome measure was VAP, with secondary end points of 28-d assessment of ventilator-free days, ICU-free days, and survival. The presence of VAP was defined using the simplified CPIS, with a CPIS score Ͼ 6 indicative of VAP, calculated at study entry, at randomization, and every 72 h until study day 28. 51 This study included both medical and surgical subjects with no difference in early (40% medical, 8% scheduled surgery, 41% unscheduled surgery, 11% trauma) versus late (36% medical, 10% scheduled surgery, 45% unscheduled surgery, 9% trauma) tracheostomy groups. Many of the randomized subjects did not undergo tracheostomy (31% early and 43% late) related to proximity to either extubation or death. In the early group, 145 of 209 subjects (69%) underwent tracheostomy compared with 119 of 210 subjects (57%) in the late group.
All tracheostomies were performed bedside using percutaneous techniques ( The use of CPIS for VAP diagnosis is a significant limitation in this study. The diagnostic accuracy of CPIS is limited in surgical, trauma, and burn patients, as CPIS was unable to differentiate VAP from systemic inflammatory response syndrome. 54 Furthermore, the utility of the modified CPIS to diagnose VAP was assessed in 740 subjects enrolled in a multi-center randomized trial, and no CPIS threshold was clinically useful (receiver operating characteristic area under the curve 0.47, 95% CI 0.42-0.53). 55 The authors concluded that early tracheostomy (performed after 6 -8 d of endotracheal intubation) did not result in significant reduction in the incidence of VAP compared with late tracheostomy (performed after 13-15 d of endotracheal intubation) and was associated with an adverse event related to the tracheostomy procedure in more than one third of subjects. These data suggest that tracheostomy should not be performed earlier than after 13-15 d of intubation.
Meta-Analysis (7 Studies)
Seven trials with 1,044 subjects were analyzed, including 4 additional trials from the 2005 meta-analysis. 47, [56] [57] [58] Early tracheostomy was not associated with reduced short-term mortality (relative risk 0.86, 95% CI 0.65-1.13), long-term mortality (relative risk 0.84, 95% CI 0.68 -1.04), or VAP (relative risk 0.94, 95% CI 0.77-1.15) in critically ill subjects. The timing of the tracheotomy was not associated with changes in duration of mechanical ventilation, ICU or hospital stay, or complications. The authors of this meta-analysis suggested that the timing of the tracheotomy did not significantly alter clinical outcomes in critically ill subjects. 59 
Meta-Analysis (4 Studies)
In the Cochrane meta-analysis published in 2012, of the published randomized or quasi-randomized studies comparing early (2-10 d after intubation) versus late (Ͼ 10 d after intubation) tracheostomy in the databases queried, only 4 were deemed eligible for meta-analysis. 33, 35, 56, 60 No mortality difference was found, and one of the 4 studies found a decrease in ventilator time for the early tracheostomy group. 61 
TracMan: Largest Multi-Center Prospective Randomized Trial (United Kingdom)
The TracMan trial 36 was an open multi-center RCT conducted from 2004 through 2011 in 70 adult general and 2 cardiothoracic ICUs in 13 university and 59 non-university hospitals in the United Kingdom. Of 1,032 eligible patients, 909 subjects were enrolled. Inclusion criteria were mechanically ventilated subjects in adult ICUs who were identified by the treating clinician in the first 4 d after admission as likely to require at least an additional 7 d of ventilator support. Exclusion criteria included those in whom immediate tracheostomy was needed or was contraindicated due to anatomical or other reasons or those with respiratory failure due to chronic neurological diseases since study centers indicated those patients receive early tracheostomies.
Subjects were randomized to early (within 4 d after intubation, n ϭ 455) or late (after 10 d if still indicated, n ϭ 454) tracheostomy. Most subjects were medical (n ϭ 712, 79.2% of study cohort), with respiratory failure as the primary admission diagnosis (n ϭ 515, 59.5%).
Interestingly, in the early tracheostomy group, 91.9% of subjects received tracheostomy as planned; in contrast, in the late tracheostomy group, only 45.5% of subjects required tracheostomy. Many subjects in the late tracheostomy group were liberated from mechanical ventilation without requiring tracheostomy. Details of the tracheostomy procedure in this study revealed that 90% of the tracheostomies were performed by the percutaneous technique, with 88.7% performed in the ICU at the bedside, and the majority (n ϭ 426, 77.3%) were performed by the single tapered dilator technique. Complications related to tracheostomy occurred in 6.3% of subjects, with the majority (3.1%) related to bleeding and no difference between the early (5.5%) and late (7.8%) groups.
No differences in 30-d mortality (30.8% early vs 31.5% late), 2-y mortality (51.0% early vs 53.7% late), or median ICU stay in survivors (13.0 d early vs 13.1 d late) were identified. No difference in hospital stay or duration of mechanical ventilation was identified. Early tracheostomy was associated with significantly decreased sedation use. In survivors at 30 d after randomization, the median number of days on which any sedatives were received was 5 (interquartile range 3-9) in the early group and 8 (interquartile range 4 -12) in the late group (P Ͻ .001), with a mean difference between the groups of 2.4 d (95% CI 1.6 -3.6). No specific assessment of VAP was performed in this study, but antibiotic use up to 30 d after randomization was the same in both groups.
The authors concluded that "for patients breathing with the aid of mechanical ventilation treated in adult ICUs in the United Kingdom, tracheostomy within 4 d of ICU admission was not associated with an improvement in 30-d mortality or other important secondary outcome." This study also documented that the ability of clinicians to predict which patients required extended ventilator support was limited. At the study's presentation at the 29th International Symposium of Intensive Care and Emergency Medicine, the lead author stated, "If you had 100 patients requiring tracheostomy, doing it early results in 2.4 d less sedation overall, but you would perform 48 more, with 3 more procedural complications and no effect on mortality or ICU stay."
Optimal Timing of Tracheostomy Based on Recent Randomized Controlled Trials
These 2 recent randomized trials (Italian multi-center trial 35 and TracMan United Kingdom multi-center trial 36 ) have consistent findings that earlier tracheostomy was not associated with improved survival and that clinicians cannot accurately predict which patients will require prolonged mechanical ventilation. Based on the evidence to date, it is reasonable to wait at least 10 d to be certain that a patient has an ongoing need for mechanical ventilation or assistance with pulmonary toilet before consideration of tracheostomy.
Limitations of Tracheostomy Timing Studies
There are a significant number of limitations of the recent studies regarding tracheostomy timing that have been completed to date, including the following:
• Small number of trauma and surgical patients • No large United States RCT to date
Charges and Compensation for Tracheostomy
At present, there is significant reimbursement for early tracheostomy tube placement. Medicare and some commercial insurers provide high reimbursement to hospitals for patients who undergo early (within 4 d) tracheostomy. A patient who undergoes 96 h of mechanical ventilation can be recoded to diagnosis-related group (in-patient payment bundle) 003 or 004 if a tracheostomy is performed within this time period. These are 2 of the most highly reimbursed diagnosis-related groups (Table 5) . 62 An unintended consequence of this current compensation method is the creation of a significant financial incentive for earlier tracheostomy procedures. All insurance carriers also pay the physician for performing the procedure, and physician charges are not included in the diagnosis-related group payments for the in-patient hospitalization. Therefore, providers who perform tracheostomy have an additional incentive to perform tracheostomies.
In the retrospective review of the North Carolina Hospital discharge database that documented a significant increase in tracheostomy placement between 1993 and 2002, tracheostomy charges were examined. Although subjects on prolonged mechanical ventilation with tracheostomies represented only 7% of all who required mechanical ventilation, their total charges during the study period were $1.74 billion, comprising 22% of all mechanically ventilated patient charges. 21 As long as hospitals are reimbursed using this diagnosis-related group system, it would seem prudent to revise the reimbursement strategies for patients facing potentially prolonged mechanical ventilation to better align financial incentives with the best clinical evidence. The expected effects of the Affordable Care Act and value-based purchasing will likely result in less payment for procedures and more payment aligned with quality of care.
Patients Who Would Benefit From Early
Tracheostomy?
There are other patient groups who may benefit from early tracheostomy, particularly those who require little or no assistance from mechanical ventilation yet still require airway protection or pulmonary toilet. Trauma and neurologic damage from stroke, head injury, and spinal cord injury (SCI) represent a subset of patients for whom the benefits of early tracheostomy have been specifically investigated. For these studies, 7-8 d was a relatively consistent cutoff to define early versus late tracheostomy. 
Trauma
The sole prospective randomized trial within the past 10 y examining tracheostomy timing in trauma patients was performed by Barquist et al, 56 who compared trauma subjects who received a tracheostomy within 8 d of intubation versus subjects whose tracheostomies were delayed until after 28 d in a single-center trial. No differences in ventilator-free or ICU-free days at hospital days 20 and 30 and no differences in rates of VAP and hospital mortality were identified. This study was halted after the first interim analysis, with only 60 enrolled subjects. 56 Retrospective cohort studies demonstrated larger benefits to earlier tracheostomy. A single-center 5-y study of trauma subjects who received tracheostomy compared 29 subjects with early tracheostomy (within 7 d) to 107 patients with late tracheostomy (Ͼ 7 d) and found that early tracheostomy in trauma ICU patients was associated with shorter duration of mechanical ventilation and ICU stay, but no difference in hospital stay or ICU and hospital mortality. 63 Using the Pennsylvania Statewide Trauma Registry, a multi-institutional retrospective cohort study examined 685 trauma subjects who received tracheostomy. This study further stratified trauma subjects into low and high probability of survival (based on the Trauma Score-Injury Severity Score) and stratified tracheostomy timing into early (0 -3 d), early intermediate (4 -7 d), late intermediate (8 -12 d) , and late (Ͼ 12 d) post-injury. Early tracheostomy was associated with decreased ICU stay, hospital stay, total ventilator days, and rates of pneumonia in trauma patients with a high probability of survival. Interestingly, in the population of subjects characterized with a low probability of survival, early tracheostomy was unexpectedly associated with a significantly higher mortality. 64 Given the disparity in findings between prospective and retrospective trials in this population, more prospective randomized trials are required.
Traumatic Brain Injury
Patients with traumatic brain injury (TBI) are another population of patients for whom tracheostomy timing has been evaluated. A prospective cohort study compared 31 subjects with isolated TBI who received a tracheostomy at d 5 or 6 versus 31 similar TBI subjects who did not undergo tracheostomy and found that tracheostomy was associated with decreased overall ventilator time, decreased ventilator days after diagnosis of VAP, and a shorter period to extubation, but no differences in rates of pneumonia or hospital mortality. 49 A retrospective cohort study compared 27 TBI subjects who received early tracheostomy (Ͻ 7 d of intubation) versus 28 TBI subjects with late tracheostomy (Ͼ 7 d of intubation) and found that early tracheostomy was associated with decreased ICU stay, but had no effect on hospital mortality, hospital stay, ventilator days, rates of VAP, or hospital cost. 65 A small retrospective study compared 11 TBI subjects with early tracheostomy (within 8 d) versus 17 subjects with late tracheostomy (after 8 d) and found a decrease in 28-d mortality, but no differences in ICU mortality, ICU-free days, or ventilator-free days. 66 The largest retrospective cohort study compared 1,577 TBI subjects with one other organ system injury who received early tracheostomy (within 7 d) versus 1,527 TBI subjects who received late tracheostomy (after 7 d) and reported decreased hospital and ICU stay; decreased rates of adverse pulmonary, cardiac, infectious, and neurologic events; and improved independence at outcome with early tracheostomy, but also found increased hospital mortality. 67 Similar to trauma patients, retrospective studies report that early tracheostomy (within 7-8 d) in TBI patients is associated with some improved outcomes compared with delayed tracheostomy, but no large prospective randomized trials have yet validated these findings.
Spinal Cord Injury
Recent studies of tracheostomy timing in patients with SCI show the same trend toward benefit for early tracheostomy as in trauma and TBI patients. A retrospective cohort study compared 71 SCI subjects with early tracheostomy (within 7 d) with 81 similar subjects who received late tracheostomy (after 7 d) and found decreased ICU days, ICU days after tracheostomy, ventilator days, and ventilator days after tracheostomy in the early tracheostomy cohort, but no differences in hospital mortality and rates of VAP were identified. 68 Ganuza et al 69 retrospectively compared 101 SCI subjects with early tracheostomy (Ͻ 7 d) with 114 subjects with late tracheostomy (Ն 7 d) and found decreased ventilator days, ICU days, and rates of tracheal stenosis, but no differences in rates of pneumonia, stomal cellulitis, or hospital mortality. As with other specialized patient populations, large prospective randomized trials are warranted in this area.
Neurosurgical Patients
A retrospective single-institution study of 125 subjects divided patients into 2 groups based on tracheostomy timing: early group within 10 d of mechanical ventilation (n ϭ 39) versus late group after 10 d of mechanical ventilation (n ϭ 86). Early tracheostomy reduced the mechanical ventilation duration (11.4 Ϯ 5.6 vs 21.5 Ϯ 15.5 d, P Ͻ .001), ICU stay (19.9 Ϯ 10.6 vs 31.1 Ϯ 18.2 d, P Ͻ .001), and incidence of VAP (23% vs 44%, P Ͻ .05) in critically ill neurosurgical subjects. However, early tracheostomy did not reduce either ICU or hospital mortality. 70 
Mechanically Ventilated Patients With COPD
Patients with COPD are at a particularly high risk for prolonged mechanical ventilation and VAP. Studies to evaluate early versus late tracheostomy in this patient population are needed. A single-institution trial (identifier NCT01021202, entitled "Timing of dilation tracheostomy in mechanically ventilated chronic obstructive pulmonary disease (COPD) patients") is ongoing in Hamburg, Germany, randomizing to early (Ͻ 72 h of mechanical ventilation) versus late (Ͼ 10 d of mechanical ventilation) tracheostomy. 71 
Tracheostomy Technique
Both open surgical tracheostomy (Fig. 2) and percutaneous tracheostomy (Fig. 3) are methods used to perform Table 6 .
Open Surgical Versus Percutaneous Tracheostomy
In most adult ICU patients requiring elective tracheostomy and without contraindications to percutaneous tracheostomy, it has been suggested that percutaneous dilatational tracheostomy (PDT) should be considered the procedure of choice. In a systematic review and metaanalysis of 17 RCTs involving 1,212 subjects, PDT performed in the ICU was associated with reduced wound infection (odds ratio [OR] 0.28, 95% CI 0.16 -0.49, P Ͻ .001) and no difference in bleeding or major periprocedural and long-term complications. 72 In another metaanalysis comparison of open versus percutaneous tracheostomy including 15 RCTs and nearly 1,000 subjects, there were significantly fewer complications in the percutaneous group for wound infection and unfavorable scarring and no significant difference for complications of false passage, minor or major hemorrhage, subglottic stenosis, death, and overall complications. Importantly, percutaneous tracheostomy was associated with a higher rate of decannulation/obstruction (OR 2.79, 95% CI 1.29 -6.03). Percutaneous tracheostomy case length was shorter and associated with reduced costs ($456 less) compared with open surgical tracheostomy (Fig. 4) . 75 The preponderance of evidence confirms that percutaneous tracheostomy is as safe as surgical tracheostomy and is associated with decreased procedural time and cost.
Types of Percutaneous Tracheostomy
A number of techniques have been developed for percutaneous tracheostomy (Table 7) . PDT should be considered the preferred technique for this intervention in the appropriate selected individual.
A systematic review comparing different PDT techniques in critically ill adult patients examined data from 1,130 subjects in 13 randomized trials. Multiple dilators, singlestep dilatation, guide wire dilating forceps, rotational dilation, retrograde tracheostomy, and balloon dilation techniques were all performed bedside in the ICU. The different techniques and devices appeared largely equivalent, with the exception of retrograde tracheostomy, which was associated with more severe complications and more frequent need of conversion to other techniques compared with guide wire dilating forceps and single-step dilatation techniques. The single-step dilatation technique was associated with fewer failures compared with rotational dilation and fewer mild complications compared with balloon dilation and guide wire dilating forceps (all P Ͻ .05). Among the 6 analyzed techniques, the single-step dilatation technique appeared the most reliable in terms of safety and success rate. However, the number of available ran- domized trials was insufficient to confidently assess the best PDT technique. 76 
Comparison of 2 Single Tapered Dilator Percutaneous Dilatational Tracheostomy Sets
Two single tapered dilator percutaneous tracheostomy sets are in common use: the Ciaglia Blue Rhino (Cook Medical, Bloomington, Indiana) and Portex ULTRAperc (Smiths Medical, Dublin, Ohio) kits (Fig. 5) . In the Blue Rhino kit, the tracheostomy tube is loaded onto an appropriately sized dilator, whereas the ULTRAperc kit provides a separate special tapered introducer for the tracheostomy tube insertion step.
A comparison of the 2 sets was performed using both mannequin and porcine airway models. During dilation, the Blue Rhino caused less mean percentage anterior-posterior compression (34.8% vs 51.5%, P ϭ .001). In contrast, during insertion of the tracheostomy tube, the ULTRAperc was subjectively easier in the porcine airway model and had a shorter median insertion time in both mannequin and porcine models, and the mean percentage anterior-posterior compression was less in the mannequin model (51.5% vs 76%, P ϭ .001). There was no difference in the incidence of posterior wall damage between the 2 sets. The ULTRAperc has some advantages during tracheostomy tube insertion that are probably due to the presence of the tracheostomy tube introducer. 77 
Challenges With Percutaneous Dilatational Tracheostomy and New Solutions
Diametrical Differences Between Loading Dilators and Percutaneous Tracheostomy Tubes. At the distal end of the tracheostomy tube, there can be a gap between the loading dilator and the tube that can make insertion of the tracheostomy tube challenging (Fig. 6) . This can cause a deformity of the tracheostomy tube during the process of attempted insertion. Best-fit combinations of tracheostomy tube and loading dilators have been established: size 8 Shiley tracheostomy with the 28 French loading dilator and size 8 Bivona Hyperflex and Portex Blue Line adjustable flange with the 24 French loading dilator. There is no gap between the loading dilator and tracheostomy tube when these combinations are used.
New Longer Tapered Tip and Low-Profile Tracheostomy Tubes for PDT.
A simple solution to the poor fit of regular tracheostomy tubes and loading dilators in the PDT kit is to use tracheostomy tubes that are made specifically for PDT with a longer distal tapered tip and a low-profile cuff (Fig. 7) . This reduces the force required for tracheostomy insertion with PDT and allows a safer and more rapid procedure to be performed.
Need for Proximal or Distal Extension Tracheostomy.
Proximal extension tracheostomy may be required with thick neck anatomy and in obese patients, and distal extension tracheostomy may be required in patients with long tracheal anatomy, tracheal obstruction (to get the tip distal to the obstruction), or tracheomalacia (Fig. 8) . PDT has been contraindicated in these patients, but the recent development and availability of new longer percutaneous tracheostomy tubes (VersaTube, Cook Medical) have provided additional PDT options for those challenging patients who require distal extension tracheostomy.
Two New Percutaneous Tracheostomy Procedures
Ciaglia Blue Dolphin. The new balloon dilation PDT technique primarily uses radial force to widen the tracheostomy (Ciaglia Blue Dolphin system) (Fig. 9) . The initial experience with this method reported that tracheostomy surgery time averaged 3.3 Ϯ 1.9 min with minimal complications. 79 Another single-center study randomized trial (n ϭ 70) comparing single-step (Rhino) and balloon (Dolphin) dilatational tracheostomy in ICU subjects reported that median procedure time was significantly shorter in the Rhino group compared with the Dolphin group (1.5 vs 4 min, P ϭ .035), and the presence of limited intratracheal bleeding at bronchoscopy 6 h post-procedure was more frequent in the Dolphin group (68.6% vs 34.3%, P ϭ .008).
Although the Blue Dolphin technique was feasible, the PDT Rhino technique had a shorter execution time and was associated with fewer tracheal injuries. Additional studies are warranted to validate these disparate findings.
PercuTwist. The controlled rotating dilatation method (PercuTwist) is a relatively new technique and was used in an early versus late tracheotomy study in an Italian multi-center trial (Fig. 10) . 53 A recent study compared percutaneous tracheostomy techniques (n ϭ 130) of PDT, the guide wire dilating forceps technique (Griggs) and the PercuTwist technique. The duration of the procedure was significantly shorter in the PercuTwist group compared with both other groups. 80 It was easy to perform, was associated with minimal complications, and is a practical alternative to the PDT technique, which is most commonly performed. Limitations of this study include the small sample size, the use of the Ciaglia multiple-dilator kit for PDT (which is inferior to the single-dilator kit), and comparison to a technique that is not used frequently (the guide wire dilating forceps technique).
High-Risk Patients and Percutaneous Dilatational Tracheostomy
There have been a handful of retrospective small studies examining complication rates for percutaneous tracheostomy in high-risk patients with coagulopathy, thrombocy- topenia, and other bleeding diatheses, with or without correction at the discretion of the physician performing the tracheostomy. These studies have documented few bleeding complications. [81] [82] [83] While all of these studies are relatively small, they suggest that judicious correction of coagulopathy in the periprocedural period allows for safe PDT in the coagulopathic patient.
Obesity is another factor that drives practitioners to choose surgical tracheostomy over PDT due to concern about complication risks. A number of small retrospective studies documented no difference in complication rates with the PDT procedure in obese patients. [84] [85] [86] [87] [88] The largest study examining this issue reported a singlecenter prospective analysis of 1,000 PDT procedures (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) in ICU subjects with increased bleeding risk or obesity. 89 They identified that increased international normalized ratio was the most important risk factor for bleeding (OR 2.99, 95% CI 1.26 -7.08), followed by thrombocytopenia with platelet count Ͻ 100,000 cells/L (OR 1.99, 95% CI 0.99 -3.95). Interestingly, platelet dysfunction associated with continuous renal replacement therapy was not associated with increased bleeding risk (OR 1.02, 95% CI 0.39 -2.66). The rate of complications in subjects with high body mass index was not increased.
The decision to perform percutaneous tracheostomy in a patient with obesity or coagulopathy should take into account factors such as the individual patient's neck anatomy and experience of the performing physician, and the practitioner must be prepared to convert to the open surgical technique if complications are encountered during the PDT procedure.
Procedural Cost of Tracheostomy
A number of studies have reviewed the potential significant cost savings related to PDT versus surgical open tracheostomy (Fig. 4) . [90] [91] [92] On average, procedural costs for PDT are ϳ50% less than those for open surgical tracheostomy, and the reduced cost is mostly related to lack of use of the operating room and anesthesia teams. The cost difference does depend, however, on whether the open surgical tracheostomy is performed in the operating room or bedside in the ICU. We have the capability to perform open tracheostomy at the ICU bedside and have all appropriate equipment, including headlights, operating room portable light, fine-point electrocautery, and surgical tracheostomy trays.
Tracheostomy Decannulation
Decisions regarding optimal timing for tracheostomy decannulation require clinical judgment, particularly with determination that the indication for tracheostomy tube placement has resolved. 93 A recent clinical consensus statement on tracheostomy care used a Delphi approach and achieved consensus on 77 statements with the goal to reduce variations in practice when managing patients with a tracheostomy to minimize complications. 94 A list of prerequisites for consideration for tracheostomy decannulation in adults is provided (Table 8) , and we strongly recommend additional consideration of the type and quantity of secretions and frequency of suctioning required.
Additional Recent Advances in Tracheostomy
Real-Time Ultrasound
A recent systematic review examined published data regarding the safety and efficacy of ultrasound before and/or during PDT. 95 There are currently no randomized trials to establish the safety or efficacy of preprocedural and/or real-time ultrasound guidance during PDT compared with the current standard of care. Studies to date include (1) ultrasound before PDT (no controlled trials; 2 observational studies suggested a possible benefit in avoiding serious complications by identifying vulnerable vascular structures) and (2) real-time ultrasound during PDT (one controlled study that retrospectively compared real-time Table 8 .
Prerequisites for Tracheostomy Decannulation in Adult Patients
Answer the following to determine readiness of patient for decannulation of tracheostomy tube: Have the indications for the tracheostomy placement resolved or significantly improved? Is the patient tolerating a decannulation cap on an appropriately sized uncuffed tracheostomy tube without stridor? Does fiberoptic laryngoscopy confirm airway patency to the level of the glottis and immediate subglottis? Does the patient have an adequate level of consciousness and laryngopharyngeal function to protect the lower airway from aspiration? Does the patient have an effective cough while the tracheostomy tube is capped? Have all procedures that require general endotracheal anesthesia been completed? If yes to all, proceed with the following decannulation process:
Remove the tracheostomy tube Clean the site Cover the site with a dry gauze dressing Instruct the patient to apply pressure over the dressing with fingers when talking or coughing Change dressing daily and as needed if moist with secretions until the site has healed Monitor for decannulation failure In addition to the factors listed above, consider the type and amount of tracheal secretions and the frequency of tracheal suctioning required prior to consideration of decannulation. Adapted from Reference 94. ultrasound guidance with the landmark-guided technique and found it to be superior in avoiding cranial misplacement; it appeared to be safe and effective in 2 observational studies). This review concluded that a prospective randomized trial evaluating ultrasound safety and efficacy compared with the traditional landmark-guided technique is required to establish its role in clinical practice.
In a single-institution prospective observational study, 13 subjects successfully underwent real-time ultrasoundguided PDT. Three patients were morbidly obese, 2 were in cervical spine precautions, and one had a previous tracheostomy. In all 13 subjects bronchoscopy confirmed that guide wire entry was through the anterior wall and between the first and fifth tracheal rings. There was no case of tube misplacement, pneumothorax, posterior wall injury, significant bleeding, or other complications. 96 Although ultrasound may not be required in all patients undergoing PDT, real-time ultrasound should be considered in obese patients in whom surface landmarks are difficult to discern, in patients with altered cervical anatomy, and for difficult tracheostomy procedures such as repeat tracheostomy. 97 Another prospective study of 50 consecutive subjects in 2 surgical and critical care medicine departments in France demonstrated that ultrasound-guided percutaneous tracheostomy was feasible and safe in obese patients (median body mass index of 34 kg/m 2 , range of 32-38) with a low complication rate. This study demonstrated that ultrasound examination provided information on cervical anatomy that modified and guided the specific choice for the puncture site for the percutaneous tracheostomy procedure. 98 There are some potential advantages to the real-time ultrasound PDT technique, including (1) decreased hypercarbia and associated increased intracranial pressure in neurologic and TBI patients due to no bronchoscope in the airway; (2) avoidance of vascular structures in the anterior neck, particularly the midline thyroid veins; and (3) direct visualization of the site of entry into the trachea and determination of which tracheal ring, which is particularly useful in patients with difficult surface anatomy, morbid obesity, and previous tracheostomy. Until additional studies are available, point-of-care ultrasound is used with increasing frequency to augment diagnosis and therapy for critically ill patients, and this is another indication for ultrasound use in challenging patients requiring PDT.
Multidisciplinary Tracheostomy Team
A previous study documented that the use of an intensivist-led tracheostomy team is associated with shorter decannulation time and stay. 99 Additional studies have reported that the use of a dedicated multidisciplinary team designed to streamline tracheostomy practice was associated with increased PDT, decreased procedural complications, reduced procedure time, and improved efficiency. In a study from The Johns Hopkins University School of Medicine, the implementation of a multidisciplinary percutaneous tracheostomy team documented a significant reduction in airway injury (6.8% vs 1.1%, P ϭ .006), hypoxemia (13.6% vs 3.3%, P ϭ .005), loss of airway (5.1% vs 0.5%, P ϭ .039), and overall complication rate (25.4% vs 4.9%, P Ͻ .001) (http://www.hopkinsmedicine.org/ tracheostomy. Accessed ). 100 No difference in stomal infection or mortality was identified. Other institutions have established similar tracheostomy teams to provide optimal care for these challenging patients (http:// www.tracheostomyteam.org. Accessed . Tracheostomy teams enhance consistency of patient care and implementation of standardized protocols of care.
National Tracheostomy Safety Project
The UK National Tracheostomy Safety Project has standardized resources for education of both health care providers and patients (http://tracheostomy.org.uk. Accessed . Three self-directed learning modules include (1) basic knowledge (anatomy, physiology, indications, procedures); (2) emergency management (tracheostomy and laryngectomy), and (3) nursing and general care, including associated devices. Emergency algorithms were developed by consensus, and the final algorithms describe a universal approach to management of tracheostomy emergencies (Fig. 11) . This project aims to improve the management of tracheostomy critical incidents. 101 
Conclusions
In conclusion, there is no benefit to early tracheostomy in most ICU patients with acute respiratory failure, and waiting until Ն 10 d of intubation and mechanical ventilation is recommended to determine whether ongoing respiratory support is required. Special patient populations may benefit from early tracheostomy, including (1) high likelihood of prolonged mechanical ventilation (ARDS, COPD, failed primary extubation), (2) SCI and chronic neurologic disorders, and (3) TBI patients and other patients with need for airways.
Recent large randomized trials have confirmed that clinicians and intensivists are poor in predicting who will need prolonged intubation and mechanical ventilation. There is a need for tools to accurately predict which patients will require prolonged intubation and therefore could benefit from earlier tracheostomy. These tools are not yet available.
The optimal technique for tracheostomy is PDT with bronchoscopic guidance, except in those patients with contraindications to PDT (coagulopathy, thrombocyto- penia, other risk factors for bleeding, inadequate surface landmarks, inability to tolerate hypoxemia or hypercarbia, need for proximal or distal extension tracheostomy). Choice of technique must take into account both individual and institutional experience, body habitus, risk factors for bleeding, and pathophysiology (ie, presence or absence of airway obstruction, difficulty of endotracheal intubation).
A number of new advances in tracheostomy are under way. The use of real-time ultrasound guidance for PDT tracheostomy has been shown to be useful in patients without surface landmarks, in obese and repeat tracheostomy patients, and in patients with altered cervical anatomy. New tracheostomy tubes and techniques include longer percutaneous tracheostomy tubes and low-profile tubes that fit better on the dilators for PDT and a percutaneous balloon inflation technique.
Finally, it has been demonstrated that tracheostomy teams and a tracheostomy hospital service were associated with standardized protocols and improved outcomes. The UK National Tracheostomy Safety Project has standardized resources for education for both health care providers and patients, including emergency algorithms for tracheostomy incidents.
Discussion
Durbin: I would like to make a few comments on the TracMan trial. 1 We've been waiting for that study to be published for at least 2 years. The research group gave us the data in preliminary form and then took so long to write the paper it was frustrating! On the positive side, it was truly amazing that they got so many people to collaborate in the trial. It would have been very difficult doing this trial in the United States. The authors recieved broad-based buy-in and a huge amount of government support. I think their data are really useful. A difference with the United States and British health care systems is that there is little pressure to vacate ICU beds in the United Kingdom. The fact that early tracheostomy didn't alter hospital or ICU stay is not surprising in the United Kingdom system. In the United States, placing a tracheostomy will result in moving a patient to a lower level of care area sooner, out of the ICU, making room for the next patient. I'm happy there was no difference in mortality between early and later tracheostomy. This reassures me that earlier tracheostomy is not seriously harming patients. However, I believe the study did not follow patients long enough to identify late complications. Correct me if I'm wrong.
Napolitano: You are correct. The TracMan trial reported 2-y mortality rates, but no long-term follow-up of complications.
Durbin:
So there still may be longterm issues we might want to avoid by waiting to see if a tracheostomy is actually necessary. However, it seems like the majority of patients do well after placement of a temporary tracheostomy. Berkow: As one of the members of the trach team in my hospital, we've got a really well-oiled machine, and what's nice is that the surgeons who do the trachs are both trauma and otolaryngology surgeons. We've really got a nice agreement on general protocols, and we have a core group of anesthesiologists who do these regularly. It's really made a huge difference; our big problem was the wait time to get to the OR [operating room] for trach. Plus, throughput is a huge issue. I don't know about the rest of you, but every other day, there's an ICU hold or a delay, so getting them out of the ICU earlier in the United States, I agree, is a big driving factor. So, yes, it works well, but it helps to have a team, and you need a coordinator to line everything up. There are still some patients who don't meet the criteria for PDT for all the reasons mentioned. Those patients still come to the OR, but now it's a much smaller subset of patients.
Napolitano:
We do open surgical tracheostomy at the bedside in our surgical ICU all the time. Even if we have to do them open, we don't necessarily go to the OR unless it is a very high-risk patient. It's interesting though, our ENT colleagues always go to the OR. So if the ENT surgeons get a consult for tracheostomy from the medical ICU, they go to the OR. In our surgical ICU, we do open tracheostomy bedside in the ICU all the time; we do them on our ARDS patients and on our ECMO [extracorporeal life support] patients. We have everything that we need at the bedside in the SICU [surgical ICU], including OR light, headlight, bovie electrocautery cart with grounding, and surgical tracheostomy trays.
Berkow: You're lucky. When I was a resident, we did a lot more surgical procedures in the ICU setting: we opened abdomens, we did trachs, and we had some complications as well as space constraints, so it just became policy that you can't do a true surgical procedure in the ICU anymore. That was no longer an option. I'm sure our surgeons would love to do open trachs in our ICU, but, in our institution, we just can't.
Ramachandran: This brought back memories. One of my other experiences in Oxford was with a PDT and an aberrant subclavian artery that was attached to the trachea and went right up into the neck and back into the arm. At tracheal dilation, the artery just avulsed. We had a fiberoptic scope down, and it still didn't prevent the complication and set off a study 2 of vascular anatomy in the neck after that. This technique is really a direct result of those initial adverse events, so I think that using real-time ultrasound for PDTs is a big safety step forward. Napolitano: I think that's a really important point: you can't predict who will have altered vascular anatomy in the neck and cervical area. So just take a look with real-time ultrasound prior to PDT; everybody has ultrasound in their ICU. It's very easy.
Hess: Representing the RTs [respiratory therapists] who take care of these patients after the procedure, my observation has been that a percutaneous trach leaves a much cleaner stoma than an open trach, which I think contributes to better care after the procedure. When we were first doing these, we were very concerned about the first trach change, where the RTs are very involved. We've actually found that it's easier after a percutaneous trach then an open trach. In fact, we are now doing first trach changes as soon as 5 d after the procedure, which really facilitates the process of downsizing, using speaking valves, starting nutrition, getting patients decannulated, and so forth. Napolitano: When you say you do the first trach change, you're changing out the entire tracheostomy tube?
Hess: Correct.
We don't do that anymore because these tracheostomy tubes can stay in for a very long time. We just change the inner cannula; we don't do any routine tracheostomy tube changes at all except when we're ready to either downsize or go to a fenestrated tracheostomy or if there is a mechanical complication of the tube. We use a vertical incision because you can extend the incision up or down as you need to, depending on where you need to place the tracheostomy tube. That surgical incision ends up being very small. Our RT colleagues help us with the initial tracheostomy operative procedure and help us downsize and do whatever else we need to do. I think there will always be 10 -20% of patients who will need open trachs for some reason or another, related to anatomy, need for systemic anticoagulation, inability to tolerate hypercarbia or hypoxemia, etc.
Hess
Durbin:
While we discuss tracheostomy, I wanted to mention the other surgical airways that are recommended for airway emergencies. One of the nice things about the PDT is that, even though none of the residents in the anesthesia program really do enough to be competent, they'll all perform tracheal entry a couple times during training. This hands-on exposure makes them more secure and less likely to hesitate in establishing a surgical airway should they be in a cannot intubate-cannot ventilate situation in the future. If they're the most experienced person at the scene, I want them to be able to do whatever's necessary to save a life. If you've helped on a PDT and entered the trachea a few times, you're less afraid of trying a surgical airway to save a life. As a teaching opportunity, I think it's really important for nonsurgical practitioners to have this experience.
Napolitano: I agree totally. I think you can teach anybody to do a PDT with bronchoscopic assistance because you're watching everything that they do; it's just fabulous. I will say I am still a little concerned in an obese person; if you are going to put a trach in percutaneously, be careful about the length. Most of the standard trachs are going to be too short; you really have to pick your trach wisely. We had a patient come from another hospital with a percutaneous trach that was very short, and he was a 450-lb gentleman. You know, we just kept that tracheostomy tube sutured and strapped tight to his neck, and as soon as we could change it out, we did. You have to be mindful of the potential need for longer tracheostomy tubes in obese and tall patients. Hurford: Okay. In anyone's hands? Napolitano: I don't think ever. If you're in the ED [emergency department] and you have a trauma patient or any kind of emergent patient who needs an emergency surgical airway, we always make a surgical incision for cricothyroidotomy and place either a size 6 tracheostomy tube or a size 6 ETT [endotracheal tube]. It is too complicated, and it's too difficult to ensure that you're actually in the airway with the needle using the Melker cric kits. We don't use them; we teach our residents to do an open cric. You put your finger in the cric so you know you're in the trachea, and then you place a tracheostomy or ETT.
Ramachandran:
We have a difference of opinion because our airway team still does push training for the Melker kit. The NAP4 [Fourth National Audit Project] 3 in England had some interesting data on narrow-bore versus wide-bore cricothyrotomy kits. The failure rate for narrow-bore kits was quite high; actually, I think only 30% of them were successful, whereas the wide-bore kits were more likely to be inserted by surgeons and had a much higher success rate of 80 -90%.
Berkow: I'd like to point out what's striking in the NAP4 report is that 60% of all the cricothyrotomies failed, so it was a huge wakeup call about training and knowing how to do it properly. I was going to ask that as well; it's still a matter of debate. In an emergency surgical airway, do you do a PDT or open technique? I know we debate it at our hospital, and there's lots of opinions on both sides.
Napolitano:
We do open.
Ramachandran:
To add to that, we do have a difficult-airway team in our hospital, similar to what you described. We have an ENT surgeon on it, and the preference of the ENT surgeons on this team is to do a formal tracheostomy at the bedside.
Berkow: Even with our difficultairway team and their experience with so many PDTs, they still advocate an open emergency surgical technique.
Napolitano: I think that will always remain the gold standard. An open cric as an emergency surgical airway.
Collins:
To follow up an earlier point, we have the Melker kit in the difficult-airway cart at our institution, although I am surprised in some of my experiences with resident training using simulation cases that some residents do not know that it is available or have no experience with the kit. Having said that, when they work with it on mannequins, they seem more adaptable to its use because they're familiar with the Seldinger technique. On another note, I'm interested in your comments as to why we are so poor in our ability to predict who will be mechanically ventilated for a period of time. If we could predict this better, do you think there would be much less controversy? Napolitano: I think the TracMan trial 1 excluded a lot of patients who we all know will require prolonged intubation: the ARDS patients; the COPD patients; the patient who was extubated, failed, and got re-intubated. They excluded all those patients. The TBI [traumatic brain injury] patient, excluded. The problem is in the generic ICU population, which is mostly patients who have pneumonia, aspiration, atelectasis; had a long operation; and things like that. The question in those patients is how we can predict duration of mechanical ventilation. It's really variable because I think now that we do SBTs [spontaneous breathing trials] every day to determine whether we can extubate somebody, we're all surprised when one day somebody fails and the next day they do okay. I don't know how to improve our ability to predict who will require long-term mechanical ventilation. Maybe we should look at their SBTs every day, and if they fail every day for 4 d, maybe that's a good tool to say they're going to stay intubated for 7 or 14 d. In all of these 3 major studies, the clinicians predicted need for prolonged mechanical ventilation very poorly.
Ramachandran: How about muscle strength? I have a friend who's studying muscle strength in the ICU and the ability to predict who will wean successfully early.
Napolitano: Deconditioned state and poor muscle strength or frailty might be a good surrogate for need for prolonged mechanical ventilation. Would serial vital capacity measurements be predictive? I don't know. Even for weak ICU patients, if their respiratory issues resolve, they may still get extubated and liberated from mechanical ventilation.
Hess: A practical question from the perspective of the RT, something that we run into, and I'm interested to hear your thoughts: how soon can you remove the sutures from the trach after you put it in? What is your practice? Napolitano: We leave them in about a week. For some of our patients for whom removal of the tube would clearly be problematic, we leave them in longer. At a week, there should be an epithelialized tract, so even if the tube comes out, you should be able to get it back in. I think that before a week there may be a question as to whether you could get it back in without any trouble. Again, I think it falls into whether you are doing 100% PDTs or you are doing some open tracheostomies. I think it is harder to recannulate early in the open trachs, where you have a surgical incision and the tissues are rearranged a little bit; it's easier to make a false tract. There's no science or studies there to tell us, but we keep the tracheostomy sutures in about a week.
